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AblationAbstract Introduction: Radio frequency ablation of the slow pathway has become ﬁrst-line ther-
apy for the elimination of AV nodal reentrant tachycardia (AVNRT). Slow pathway ablation is
guided by a combination of ﬂuoroscopic landmarks, electrogram morphology, and the induction
of accelerated junctional rhythm (JR) during the application of radiofrequency energy. Although
JR occurs usually during slow pathway ablation of AVNRT, the pattern of JR has not been ade-
quately studied.13
Aim of the study: To investigate in detail the characteristics of junctional rhythm occurring during
radiofrequency ablation of atrioventricular nodal reentrant tachycardia AVNRT among Egyptians.
Methods: This study included 30 patients who underwent electrophysiological study for narrow
complex supraventricular regular tachycardia which revealed to be AVNRT.
Results: Thirty (100%) patients showed induction of junctional rhythm at the successful ablation
sites. JR was a very sensitive predictor of successful ablation but not so speciﬁc with speciﬁcity of
60%. Sex patterns of JR were observed. The most common pattern of JR was Sinus-junctional–
junctional (SJJ) while Sinus-junctional-block (SJB) was the least. The most speciﬁc pattern for
effective ablation was junctional–junctional–junctional (JJJ), while intermittent burst was the least.
266 A.M. Abdel Moteleb et al.P value is 0.001 i.e. highly signiﬁcant.
Conclusion: Junctional rhythm is a sensitive predictor of successful ablation. The pattern of JR is a
useful predictor of successful ablation. Egyptian population has distinctive patterns of JR during
AVNRT ablation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Background
Atrio-ventricular nodal reentrant tachycardia (AVNRT) is the
most common type of reentrant supraventricular tachycardia
(SVT). It involves an additional accessory pathway through
the AV node that becomes a reentry circuit causing the tachy-
cardia.1
It is the operative mechanism in up to 60% of patients pre-
senting with paroxysmal supraventricular tachycardia.4
Radiofrequency ablation of the slow pathway has become
the ﬁrst-line therapy for the elimination of AV nodal reentrant
tachycardia (AVNRT). Slow pathway ablation is guided by a
combination of ﬂuoroscopic landmarks, electrogram morphol-
ogy, and the induction of accelerated junctional rhythm (JR)
during the application of radiofrequency energy. Although
JR occurs usually during slow pathway ablation of AVNRT,
the pattern of JR has not been adequately studied.13
1.1 Aim of the study and hypothesis
To investigate in detail the characteristics of junctional rhythm
occurring during radiofrequency ablation of atrioventricular
nodal reentrant tachycardia AVNRT among Egyptians. We
hypothesized that adequate analysis of JR occurring
during ablation of AVNRT may be used as a predictor for
successful ablation and it may have a special pattern among
Egyptians.2. Methods
2.1. Study population
The preceding hypothesis was tested prospectively among 30
patients who demonstrated tachycardia suggestive of AVNRT
during EP study presented to our lab.
2.2. Electrophysiology study
The EP studies were performed using quadripolar recording
electrodes positioned at high right atrium (HRA), bundle of
His (His), and right ventricular apex after obtaining informed
consent. The surface electrocardiographic recordings and intra-
cardiac electrograms were continuously recorded on a digital
recording system. The intracardiac electrograms were ﬁltered
at 40 and 500 Hz and displayed with ampliﬁer settings of 0.5–
1.0 mV. Burst with/without extrastimulus atrial and ventricular
pacing were used to induce supraventricular tachycardia. Intra-
venous isoproterenol or atropine was administered if tachycar-
dia was noninducible or nonsustained at baseline. Tachycardia
characteristics were analyzed after a sustained episode occurred
spontaneously or by induction. Adequate study after inductionwas done to diagnose type of tachycardia and ensure AVNRT
exists to be included in the study.
2.3. Ablation
Ablations were performed with 4-mm tip radiofrequency abla-
tion catheters. Power delivered was titrated from 20 to 50 W
with a temperature limit of 55 C based on AV conduction,
V–A conduction, and the presence of junctional beats. The
ablation end points were the absence of inducible or spontane-
ous clinically relevant tachycardias. When more than a single
AV nodal echo beat was present, further ablation was done
in patients with AVNRT.
2.4. Follow-up
The 12-lead electrocardiograms were obtained in all patients at
follow-up of 1–2 months after the ablation procedure. Further
clinical follow-up or event monitoring was performed only if
patients reported recurrent symptoms.
2.5. Statistics
This was done using SPSS software, version 9.02, 1998, Echo-
soft Corporation, USA. The goodness of ﬁt test was done to
determine the distribution of data. Descriptive statistics in
the form of mean ± SD were calculated for the normally dis-
tributed parameters. On the other hand, values of the skewed
parameters were expressed as median and interquartile range.
3. Results
This study included 30 patients who underwent electrophysio-
logical study for narrow complex supraventricular regular
tachycardia which revealed to be AVNRT. The mean age of
the studied group was (45.27 ± 11.25 years), 12 patients were
males (40%) and 18 patients were females (60%). Most of
them were complaining of rapid palpitation.
93% of the study population (28 patients) showed normal
resting ECG while 7% (2 patients) had nonspeciﬁc ST-T wave
changes in their resting ECG.
While during tachycardia; the average heart rate was
176 ± 22 bpm. ST segment elevation in lead aVR was noticed
in only two patients 6.7%. Pseudo-s wave could be seen in 9
cases (30%) while Pseudo-r wave was seen in only one patient
(3.3%).
The average duration of the procedure was
64.67 ± 13.95 min (ranged from 45 to 100 min). While the
average ﬂuoroscopic time was 32.4 ± 10.21 min (ranged from
15 to 60 min.).
The mean SCL before ablation was 710 ± 118.4 ms (ran-
ged from 480 to 940 ms). The mean PR interval before abla-
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AH interval before ablation was 76.47 ± 11.4 ms (ranged from
50 to 100 ms).
The mean HV interval before ablation was 41 ± 8 ms (ran-
ged from 30 to 55 ms). The mean duration of antegrade WCL
was 292.33 ± 24.87 ms. The mean AVNERP was
266 ± 52 ms.
Mid septal position (M1 and M2) showed the highest inci-
dence of effective application (80%), while posterior position
(P1 and P2) showed the highest incidence of ineffective appli-
cation (20%).
Thirty (100%) patients showed induction of junctional
rhythm at the successful ablation sites. JR was a very sensitive
predictor of successful ablation but not so speciﬁc with speci-
ﬁcity of 60%. It has 89% positive predictive value and 100%
negative predictive value and 91% diagnostic accuracy.
The mean cycle length of junctional rhythm was
498 ± 98 ms (ranged from 270 to 750 ms). Junctional rhythm
was recorded in 56 out of 65 (86%) trials. It occurred in 50 of
50 effective applications, but also occurred in 6 of 15 ineffec-
tive applications. Therefore induction of junctional rhythm
during ablation showed 100% sensitivity, 60% speciﬁcity and
91% diagnostic accuracy for successful ablation sites.
The mean cycle length of JR during effective applications
was 498 ± 98.9 ms, while it was 505 ± 58.9 ms during ineffec-
tive applications. P value is >0.05 i.e. statistically
insigniﬁcant.
The total number of junctional rhythm ranged from 3 to
226 beats with mean 37 ± 12 beats during effective applica-
tion, while it ranged from 3 to 33 with mean 15 ± 2 beats dur-
ing ineffective application. P value is 0.01 (signiﬁcant).
The total duration of junctional rhythm ranged from 1.1 up
to 113 s with mean 19.1 ± 21.3 s during effective application,Figure 1 Showing JJJ pattern of JR. Note appearancewhile it ranged from 1.5 to 18 s with mean duration of 8.5 ±
7.3 s during ineffective application. P value is 0.01 (signiﬁcant).
The average time of appearance of JR from the start of RF
application was 4.8 s ± 4.4 s with minimum 400 ms and max-
imum was 20 s during effective application, while it was
4.2 ± 0.8 s during ineffective application. P value is 0.38 i.e.
statistically insigniﬁcant.
Therefore induction of junctional rhythm during ablation
predicted a successful ablation site, meanwhile the absence of
induction of junctional rhythm predicted an unsuccessful abla-
tion site. Six patterns of JR occurred during ablation of slow
pathway and were classiﬁed as following:
(1) JJJ (junction–junction–junction) pattern: JR span is
more than 95 percent of total time of each application
of RF energy and lasts more than 15 s. It could even per-
sist after interruption of RF application.
(2) SJS (sinus-junction-sinus) pattern: JR appears after at
least ﬁve sinus beats and persists during RF energy
delivery. It is terminated by more than ﬁve sinus beats
before the cessation of RF application.
(3) SJJ (sinus-junction–junction) pattern: JR appears after
more than ﬁve sinus beats and persists up to cessation
of the RF application.
(4) Intermittent burst: individual bursts of JR (at least ﬁve
beats in each burst) with more than ﬁve sinus beats
between bursts that intermittently appear during RF
energy delivery.
(5) Sparse: the junctional ectopy appears in a sparse pattern
(less than ﬁve ectopies during each burst).
(6) SJB (Sinus Junction Block) pattern: the RF energy deliv-
ery interrupted after the appearance of ventriculoatrial
block or AV block during JR.11of JR after the start of ablation by two sinus beats.
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least. The most speciﬁc pattern for effective ablation was JJJ,
while intermittent burst was the least. P value is 0.001 i.e.
highly signiﬁcant. (see Fig. 1)
During RF ablation, the average duration of application of
effective strokes was 31.95 ± 16.64 s (ranged from 12 to 90 s).
The average temperature of RF current used was 66.7 ± 2 C
(ranged from 65 to 70 C) with the power of the RF current
35.38 ± 2 W (ranged from 35 to 40 W). The impedance re-
corded by the ablator at the ablation site was 118 ± 7 Ohms
(ranged from 100 to 130 Ohms).
One patient (3%) developed a ﬁrst degree AV block dur-
ing the ablation procedure which persisted till hospital
discharge.4. Discussion
Junctional rhythm during RF energy delivery may be used to
predict successful catheter ablation of AVNRT. It is recom-
mended that RF energy should be terminated if junctional
rhythm does not develop within 20 s after starting RF energy
delivery.8
In our study, thirty (100%) patients showed induction of
junctional rhythm at the successful ablation sites. JR was a
very sensitive predictor of successful ablation but not so spe-
ciﬁc with speciﬁcity of 60%. It has 89% positive predictive va-
lue and 100% negative predictive value and 91% diagnostic
accuracy.
These results agree with the study done to characterize the
junctional ectopy that occurs in patients with AVNRT under-
going slow pathway ablation. It was found that junctional ec-
topy during the application of RF energy is a sensitive but
nonspeciﬁc marker of successful ablation.
Our results match with7 who studied patients with AVNRT.
The subjects of this study were 52 consecutive patients with
AVNRT who underwent slow pathway ablation and ﬁve addi-
tional patients included retrospectively because they had devel-
oped a high-degree atrioventricular (AV) block during the
procedure. In the group of 52 consecutive patients, the inci-
dence of junctional ectopy was signiﬁcantly higher during 52
effective applications of RF energy than during 366 ineffective
applications (100% vs 65%, P< .001). Compared with inef-
fective RF energy applications, successful RF energy applica-
tions had a signiﬁcantly longer duration of individual bursts
of junctional ectopy (7.1 ± 7.1 vs 5.0 ± 7.0 s [±SD],
P< .05), a greater total number of junctional beats during
the applications (24 ± 16 vs 15 ± 8, P< .01), and a greater
total span of time during which junctional ectopy occurred
(19 ± 15 vs 11 ± 12 s, P< .01).7
2Found in their study which included 75 patients with repro-
ducibly inducible AVNRT that ablation was performed fol-
lowing an electro-anatomical approach. After each
application, the induction protocol was repeated. A total of
341 applications were performed. Although the achievement
of P1 JR was necessary to obtain the non-inducibility, and
the cumulative number of junctional beats (CJB) was higher
in effective applications, no CJB cut-off was associated with
a success rate higher than 75%. After the observation of a sig-
niﬁcant correlation between the sinus cycle length (CL) pre-RF
and the CL of the JR (JR-CL) (c= 0.52; p< 0.001), the sinusCL pre-RF/JR-CL ratio (CL ratio) adequately differentiated
the successful vs unsuccessful applications: 1.41/0.23 vs 1.17/
0.2 (p< 0.001). In a multivariate analysis, a CBJ 11
(p< 0.001) and a CL-ratio 1.25 (p< 0.001) were found to
be the only independent predictors of success. The combina-
tion of P11 of CJB with a CL ratio P1.25 achieved non-
inducibility in 97% of their patients.
Nikoo et al’s. study consisted of 95 patients: 56 women and
33 men (mean age, 47.2 ± 16.3 years) who underwent slow
pathway ablation because of AVNRT. A combined anatomi-
cal and electrogram mapping approach was used, and
AVNRT was successfully eliminated in all patients. This study
identiﬁed six patterns for JR during the RF ablation of slow
pathway: junction–junction–junction, sinus-junction-sinus,
intermittent burst, sparse, sinus-junction–junction and sinus-
junction-block. The characteristics of JR, such as mean cycle
length and total number, were gathered.
The incidence of JR was signiﬁcantly higher during effective
applications of RF energy than during ineffective applications
(P= .001). The mean number of junctional ectopy was
19.6 ± 19. The total number of junctional ectopy was signiﬁ-
cantly higher during effective applications of RF energy than
during ineffective applications (24.6 ± 18.8 vs 8.4 ± 13.2;
P< .001). They found a signiﬁcant difference between the
effective and ineffective applications of RF energy in the mean
cycle length of the junctional ectopy (464.6 ± 167.5 vs
263.4 ± 250.2; P= 0.01). Logistic regression analysis revealed
that the presence of sinus-junction-sinus, sinus-junction–junc-
tion, and sinus-junction-block patterns of JR was a predictor
of a successful RF ablation (conﬁdence interval [CI], 1.67–
15.92 [P= 0.004]; CI, 1.02–85.62 [P= .048]; and CI, 1.06–
32.02 [P= .042], respectively).11
In our study we found that the total number of junctional
rhythm is 37.7 ± 42.6 beat during effective application, while
it was 15.6 ± 12.5 beat during ineffective application. P value
is 0.01 (signiﬁcant). The total duration of junctional rhythm
was 19.1 ± 21.3 s. during effective application, while it was
8.5 ± 7.3 s. during ineffective application. P value is 0.01 (sta-
tistically signiﬁcant).
Also, the average time of appearance of JR from the start of
RF application was 4.8 s ± 4.4 s with minimum 400 ms and
maximum was 20 s. during effective application, while it was
4.2 ± 0.8 s during ineffective application. P value is 0.38 i.e.
statistically non signiﬁcant.
In our study six patterns of JR occurred during RF abla-
tion. SJJ was the most common pattern during effective appli-
cation, while SJB was the least. Both JJJ and SJB were highly
speciﬁc to effective application (P value <0.001).
In our study, we managed to show that successful ablation
could be predicted by patterns of JR. We believed that such a
detailed analysis might allow us to propose an additional mar-
ker of successful ablation. Therefore, quantization and quanti-
ﬁcation of the junctional ectopy proved useful in predicting the
success of RF ablation.
Our results are similar to those done by9 who did a retro-
spective analysis of 387 patients. Junctional rhythm occurred
in 692 applications, giving sensitivity and speciﬁcity of junc-
tional rhythm as an indicator of successful ablation of 99.5%
and 79.1% and a positive predictive value of 55.5%, unlike
our study which found a positive predictive value of 91%.
In our study, mid septal positions (M1, M2) showed a high-
er percentage of occurrence of Junctional rhythm. This agrees
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nodal pathway utilizing a midseptal approach in 60 consecu-
tive patients with inducible AVNRT. They achieved successful
slow pathway ablation and/or modiﬁcation in 59 of 60 patients
(98%). One patient developed a complete AV block (1.6%).
They also observed junctional rhythm during all successful
(100%) and 60 of 122 (49%) unsuccessful RF applications
(P= 0.0001).
Mid-septal ablation site (M1 and M2) was associated with
higher occurrences of junctional rhythm, earlier ﬁrst junctional
beat, and earlier occurrence of the longest junctional burst
compared with the posterior ablation site (P1 and P2).12
Induction of junctional rhythm during ablation showed
96% sensitivity, 77% speciﬁcity, and 83.4% diagnostic accu-
racy for successful ablation sites. Therefore induction of junc-
tional rhythm during ablation predicted a successful ablation
site, meanwhile the absence of induction of junctional rhythm
predicted an unsuccessful ablation site.10
All these studies led to the conclusion that the occurrence of
junctional rhythm during radiofrequency energy delivery at the
region of the slow pathway is a well-recognized marker of suc-
cessful treatment of AVNRT. This junctional rhythm occurs as
a response of the atrioventricular node to thermal injury and a
common ﬁnding in radiofrequency ablation for AV node reen-
trant tachycardia.6
Schumacher et al., 1995 found that the average cycle length
of JR is also a predictive factor of successful ablation of slow
pathway. This ﬁnding was documented in a study of JR during
1314 radiofrequency current deliveries in 172 patients with AV
node reentrant tachycardia or paroxysmal atrial ﬁbrillation in
relation to the ablation result and found that JR during slow
pathway ablation at the successful site had a longer mean cycle
length 494 ± 138 ms. This is partially different from what we
found in our study. We found the mean cycle length of JR dur-
ing effective application was 498 ± 98.9 mesc., while it was
505 ± 58.9 mesc. during ineffective applications. P value is
>0.05 i.e. statistically non signiﬁcant.
None of the cases of our study group was ablated success-
fully without the appearance of any junctional rhythm. This
means that JR has an excellent negative predictive value of
100%.
This agrees with5 who showed that in some rare cases, suc-
cessful slow-pathway ablation is possible in the absence of a
junctional rhythm. Hsieh and his colleagues studied 353 pa-
tients with AV nodal reentrant tachycardia who underwent
catheter ablation of the slow pathway. Combined anatomic
and electrogram approaches were used to guide ablation. Suc-
cessful sites were located in the posterior area in 18 (90%) of
20 patients without junctional rhythm during slow-pathway
ablation compared with 200 (60%) of 333 patients with junc-
tional rhythm (P< 0.001). They explained the mechanism of
the absence of junctional rhythm at the successful ablation
sites by that these sites were located mostly in the posterior
area far from the His bundle. Furthermore, the atrial/ventric-
ular electrogram amplitude ratio (a/v ratio) at successful abla-
tion sites was signiﬁcantly larger in patients without than in
those with junctional rhythm. These ﬁndings suggest that suc-
cessful ablation sites were closer to the atrial aspect of the pos-
terior AV junctional tissue in patients without junctional
rhythm. This area of posterior input into the AV node is very
complex, and the atrial electrograms may differ at differentpoints along the pathway. The other possibility is that the slow
AV nodal pathways in these patients without junctional
rhythm may be different from those in patients with junctional
rhythm. This hypothesis could explain why junctional rhythm
was so difﬁcult to induce in some patients.5
Up to our current knowledge, no study has addressed the
ethnic variations regarding the pattern of junctional rhythm
during ablation of AVNRT.
5. Conclusions
RF ablation is a safe and efﬁcacious means of elimination of
AVNRT. Targeting the slow pathway is an effective form of
treatment for atrioventricular nodal reentrant tachycardia.
The technique has a high initial success rate, a low complica-
tion rate and a low recurrence rate at long term follow-up.
Junctional rhythm is a sensitive predictor of successful
ablation.
JR is often present during successful slow pathway abla-
tion. The pattern of JR is useful as an indicator of success. This
pattern may be peculiar among Egyptians.
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